surface (Fig. 3) were actually small membranous structures (Fig. 4) . Portions of the broad membranes were resting on the surface of the cover slip ( Abstract. a-Amanitin, a toxic substance from the mushroom Amanita phalloides, is a potent inhibitor of DNA-dependent RNA polymerase II (the nucleoplasmic form) from sea urchin, rat liver, and calf thymus. This compound exerts no effect on the activity of polymerase I (nucleolar form) or polymerase III (also nucleoplasmic). The inhibition is due to a specific interaction with polymerase II or with a complex of DNA and polymerase II.
Specific Inhibition of Nuclear RNA Polymerase II by a-Amanitin
Abstract. a-Amanitin, a toxic substance from the mushroom Amanita phalloides, is a potent inhibitor of DNA-dependent RNA polymerase II (the nucleoplasmic form) from sea urchin, rat liver, and calf thymus. This compound exerts no effect on the activity of polymerase I (nucleolar form) or polymerase III (also nucleoplasmic). The inhibition is due to a specific interaction with polymerase II or with a complex of DNA and polymerase II.
We have described the physical separation of three distinct DNA-dependent RNA polymerases from sea urchin embryos and two polymerases from rat liver (1, 2). Polymerase I resides in the nucleolus, and polymerases II and III reside in the nucleoplasm (2). The enzymes exhibit distinctive variations in activity with magnesium, manganese, and salt concentration changes. It is inferred that the polymerases have different functions, but for definitive investigations on this point specific inhibitors would prove highly useful. We have tested the effect of a-amanitin [the toxic bicyclic octapeptide from the mushroom We have described the physical separation of three distinct DNA-dependent RNA polymerases from sea urchin embryos and two polymerases from rat liver (1, 2). Polymerase I resides in the nucleolus, and polymerases II and III reside in the nucleoplasm (2). The enzymes exhibit distinctive variations in activity with magnesium, manganese, and salt concentration changes. It is inferred that the polymerases have different functions, but for definitive investigations on this point specific inhibitors would prove highly useful. We have tested the effect of a-amanitin [the toxic bicyclic octapeptide from the mushroom Amanita phalloides (3)] on the various nuclear polymerases. Administration of this compound to mice results in fragmentation of liver nucleoli (4) and an overall decrease in nuclear RNA content (5). Furthermore, in the presence of Mn++ and high concentrations of salt, a-amanitin partially inhibits the polymerase activity of mouse liver nuclei (6) and of crude nuclear preparations (7).
We now report that a-amanitin specifically inhibits polymerase II from the nuclei of several organisms although polymerase I and III activities are not affected. We also provide substantial Amanita phalloides (3)] on the various nuclear polymerases. Administration of this compound to mice results in fragmentation of liver nucleoli (4) and an overall decrease in nuclear RNA content (5). Furthermore, in the presence of Mn++ and high concentrations of salt, a-amanitin partially inhibits the polymerase activity of mouse liver nuclei (6) and of crude nuclear preparations (7).
We now report that a-amanitin specifically inhibits polymerase II from the nuclei of several organisms although polymerase I and III activities are not affected. We also provide substantial A more complete titration of this effect of a-amanitin with whole nuclei and with purified polymerases I and III is shown in Fig. 2 . There is no detectable inhibition of polymerase I or III activity at any concentration tested (up to 10-6M). In contrast, polymerase II is inhibited 50 percent at 10-8M a-amanitin and completely at 10-6M under our assay conditions. In assays of nuclei in the presence of Mn+ + and high salt, nucleoplasmic RNA synthesis predominates (9). However, there remains a residual polymerase activity (20 percent of the total) that is not inhibited by a-amanitin. Knowing the salt concentrations for optimum activity of the purified enzymes (1), we can tentatively 448 ascribe the activity at low salt concentrations (less than 0.04M ammonium sulfate) in the presence of a-amanitin to polymerase I and III, and the activity at high salt concentrations (0.2M ammonium sulfate) in the presence of a-amanitin to polymerase III. We have made the assumption that the characteristics of the polymerase activities in intact nuclei mimic those measured in vitro, and therefore the nuclear polymerase II activity shown in Fig. 2 is obtained by subtracting the residual a-amanitin resistant polymerase activity from the total nuclear polymerase activity.
The degree of inhibition by a-amanitin is not affected by prior incubation of the inhibitor with the enzyme or components (or both) of the reaction mixture. Increasing the concentration of DNA in the assay has no influence on the degree of inhibition, thus the inhibitor does not react with the DNA itself. This result is consistent with the fact that a-amanitin does not inhibit the activity of polymerase I and III or of Escherichia coli polymerase on a variety of templates. The action of a-amanitin therefore appears to be on the protein itself. Addition of a-amanitin to an enzyme actively engaged in RNA synthesis results in abrupt cessation of activity as if chain elongation were effected (Fig. 3) . More definitive experiments, however, are required to determine the specific nature of the a-amanitin inhibition. This compound could react with the free enzyme to inhibit binding with the template, or it could interact with the enzyme-DNA complex to block initiation, chain elongation, or enzyme release.
Our experiments allow a number of conclusions and also raise a number of questions. The specific inhibition of polymerase II by a-amanitin implies a structural difference between this polymerase and polymerases I and III. This confirms the conclusion that polymersases I, II, and III are distinct molecules. However, we do not yet know whether the three enzymes are unique or whether they contain any common subunits. The results suggest that the toxicity of a-amanitin is due to the specific inhibition of polymerase II activity and a resultant blockage of the synthesis cdf certain RNA species in the nucleus. If the transcription of all RNA species could be effected by either polymerase I, II, or III, then a-amanitin should produce only a mild functional impairment rather than a cellular catastrophe (4). Because nucleolar polymer- Neurons in the cochlear nucleus of bats fire repetitively in repsonse to a tone burst, and some of them are spontaneously active (3). Therefore, echotime. If the amplitude of a stimulus such as an outgoing sound is very large, and quickly reaches the threshold of a neuron, the latency of response of the neuron will be short. If the amplitude of a stimulus such as an echo is just above the threshold of the neuron, or if it slowly increases up to the threshold, the latency of response will be long. When this occurs, a large error will be introduced into distance measurement. For echo ranging, there must therefore be neurons which show relatively constant latency regardless of stimulus amplitude and rise time. If such neurons discharge multiple impulses in response to a single stimulus, there will be no way to distinguish between one strong echo and a few weak echoes. There must therefore be neurons with constant latency which do not fire repetitively. Furthermore, the neurons must be spontaneously inactive. Any neurons which satisfy the above requirements may be considered to be specialized for the measurement of distance, and may be called echoranging neurons.
Neurons in the cochlear nucleus of bats fire repetitively in repsonse to a tone burst, and some of them are spontaneously active (3). Therefore, echo- . 
